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TRANSLATION OF FIELD-REVERSEDCONFIGURATIONS IN THE PRX-C/T EXPERIMENTS

D. J. Rej, W. T. Armstrong, R. E. Chrien, P. L. Klingner, R. K. Linford,
K. F. ?fcKenna,R. D. Mllroy*, E. G. Sherwood, R. E. Siemon, ●nd H. Tuazewski

Los A3.amosllattonalLaboratory, Un.iw.of California, LGa Alamos, 11.li.,87545

1. INTRODUCTION: One of the unique features inh-rent to compact toroids is
the potential ●bility to translate the plasma ●long its geometric ●xfs.
CT translationhas proven useful in reactor desi@4:;udiet1-3, and has been
the focus of several experimental investigations. In this paper, WQ report
on th~ initial results from translation experiments performed with the
fteld-reversedconflguratim (PRC) plasmas generated in the PRX-C/T device.

11. EXPEPIMENT& CONFIG-AATION: Durfng 1983- the field-reversed O-pinch
●xperiment PRK-CO wae moa.fied in order to study PRC translation. A schematic
diagram depi:tfng the new ●pparatue, -enamcdPRX-C/T, is shown in Fig. 1.
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llg. 1: 5c!mwcicdiagrm of cha FRX-C!T uqwrimnc.

gradient, formed by ● ●llght taper in the e-pinch coil. The plaamaa ●re
currently beifiglaunched lrt~ a ~-m-long, O.L-m-ID, stainlese steel vacu m
chamber that contains up to ●n !3-kG solenoid guide field. A Is-Cm Gap
separsta- cha kpinch coil frna t~~istranslation region. Typical vacuum field
flux surfacas ●re also plottol in Fig. 1. The vacuum Bz field on axie variee
by no more than 82 ●t the plnct,guide field coil interface. The guide field
magnets ●re cnargized ueing a 2.5-lIfW &c po~er supply. These dc components act
in ●ffact ●e ● ‘powr crowbar-, a highly desirable system since PRCe have been
generated with llfe.imen●xceeding the 250-we decay time of the pulsed e-pinch
coil B-field#.g At the 4ounetream ●nd, m mirror field deeignad to reflect the
?RC h formed by ● combination of dc coils ●nd plasma induced image currents
in ● 0.6-long, O.~=wdiameter metallic cylinder.

Present diagrostlcm include ●n ●rray of 42 external magnetic probes, tvo
flux loops, ●nd five :hords of side-on interfarometry. The ❑etullic vacuum
chamber ●nd low voltage (<0.3 kV) technology ●ssociated with the tranelatlon
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region is compatible with several new in-vacuum diagnostics (e.g., soft rray
detectors) that have been found difficult to implement ou the O-pinch. The
internal B-field components of the translating plaama ●re also maasured.10

III. EXPERIMENTAL RESULTS: Plotted in Fig. 2 ●re the measured ●xcluded flux
radius profiles rb~(z) for seven different times. The ●xial position z-O
denotes the center of the &pinch coil. The main capacitor baok is discharged
●t time t-o. These data were taken using a %mtorr D2 psff ●nd ● vccuum
B=-field of 4 kC, measured in the downstream end of the &pinch ●nd into the
translation region. An PRC is formed in the O-pinch coil with separatrix
radiu. r~~A&() cm and length 1s”150 cm. The plasma resides in the o-pinch
coil for approximately 10 pa. Between times t = 10 and 20 ps the PRC fs
accelerated to the average axial velecity VZ-8 cm/Bs. The plasma enters the
translation section (z>1L5 cm) without ●ppreciable Internal flux and pazticle
lees ●nd reaches the downstream mirror ●t time t=60 pa. The PRC ic reflected
from the mirror and propagates back toward the source with ●n ●vera2e velocity

‘z = -7 cm/pa. Including the return transit, the PRC travetses an axial
length of ●bout 800-cm. The infmred internal poloidal magnetic flux decay
t$ma, %0 _ 115 pa, is comparable to that obeemed in stationary plaumaa with
similar parameters. Generation of the reversed magnetic field inside the
major

‘adiulo
R=r*/fi has been confirmed by Sntermd mgetic probe

measurements of t[ a B-field.
PRC translation is further ●xamined uafng the five chords of ●ide-on

interferometry. The chords ●re kcated ●t positions z - -20, 20, 6C, 184, ●nd
428 cm. Typical data ●re shown in Fig. 3. The line ●veraged density

(Shol 32 18)
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hventory, estimated durfng translation using fnterferometry @nd magnetic
prc%w (see Sec. IV) is 4x1019. The oscillations in Jndr cbserved in the
reflected plasma ●re evidence of the u-2 rotational instability. (Presence of
the n-2 instability is confirmed by stereoscopic measuremmts -de along
orthogonal chords with the interferometer●nd a continuum radiation aonftor.)
The stable period prior to the onset of this mode, z, = 60 MS, is about ●qual
to that observed for stationary plasmae with simflar ne, r~, ●nd B.

A parameter of importance for FRC ●quilibrium and transport physics is
x, the ratio of r~ to the flux conserving wall radius rw. Velues of Xa in
t~e 8-pinch source are currently limited to ●bout 0.55. However, x~ can be
increased substantiallyby allowing the translating plaama to expand ●gainot ●

reduced guide field. ?igure 4 displaya rA@ profiles inside the translation
region for three conaecucive

::?(”:~

where the vacuum guide field was
set at (a) 1.5, (b) 10,
(c) 0.5 kG. The obserwed values of

‘s ●re 0.6, 0.7,
respectively. In 811 casea,”

;E-Y

rever ed B -field is observed on ~
●xis.fo T~e lfne-ave:agedensities -

(a) 3.3 (b) 2.3,
&l.6x1014 cm-i.
corresponding total

‘“~

temperatures ‘e)zo
from pressuxe balance are: (a) 340,
(b) 300, ●nd (c) 190 ●V (t20%).
Values of Vz ●re found co increase “
with larger x- du~ to the strorger -1oo CJ 100 200 300 4[10
accelerating B-field gradferis at
the transition. The magnitude of AXIALPOSITION(C211) ~

the downstream dirror is FiII.4: Cen~rsciOaoflargex,nc~ in~-ctT.=C~~od
flux?adiuprofilas for x, Va.ZUQ~of (a) 0.6:

lnmufficient to reflact these (b) 0.7; (c) 0.8, ganoratad 00 3 consmxiva shots.

faater moving, ●xpanded plammaa.
At higher magnetic fields (vacuum BZ=7 kC), FRC’awith ; =1.6x1015cm-3 ●re

observed to translate at faoter speeds, VZ0115cm/pa. The pfanmas enter the
guide tield region with negligible flux 10IM. The n-2 instability is often
detected before the FRC mflecte from the downstream mfrror. FRCe have also
been generated ●t hi6her fill pressures (15 mtorr); however, a rapid axial
expansion occurs beforu these plasmas are ●ccelerated out of the source.

IV. DIS~SSION: In thase ●xperiments on FRX-C/T, FRC plas~s have ken
formed uaina puff gae injection ●nd ● ●lightly conical ~-pinch coil*
Formation ●nd ●cceleration of the FRC out of the source occur in two distinct
Steps, separated by 5-20 pa. At 5 mtorr conditions using matched e-pinch ●nd
dc guide fields, the plasma translates ●t speeds 40-60% of the Alfven cpeed~
This corresponds to ●n ●xial kinetic ●nergy 4-10% of the plasma thermal
●nergy. NO ●bnormal flux 10SO or disruptive dynamics ●re obae~*d~ ●VeU
though the placma moves past ●n ●brnpt transition in the flux conmrving wall
(rw-28 to rw-20 cm with ● 15-cm Insulating 8ap)c On occasion, however,
taarinu of the plasma near this inttrface i. observed when tho plasma i8

field.10 Exceptionally large x,●llowad to cxpaud ●gainst ● reduced guide
*alues (9.8) hava bewz Senerated by ●xpansiozz of the plasma in the translation
re8im0 Tho correspondingS (=R/Pi) valuea ●re 10-11 vhil~ ~=xaS/5 ra228ea
between 1.1 ●nd 1.7. The ?RC volu~ V, length ~s, ●xternal mag”ctic field Bw
sad peak density ~ for these translating p~f-=- ~fore ●nd ●fter ●xPansion
have been compared with ●diabatic theory. (The theory ●mmaes no losses or
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translationalenergy.) For Y=5/3 ●nd diffuse radial profilell z_l/4 the

measured 1
!

(and thereforeV) hcreases less rapidly with increasing X8 than
theory pred cts. Bw decreases with x~ in approximate agreement with theory,
while n decreases less rapidly. Taking into account energy losses during
translat~onbrings theory and experiment intc CICser agreement. Comparison
with theory assuming y=l shtws poorer agreement.

A practical benefit gained by translation is that every side-on
diagnostic views the entire plasma len~th as the PRC wines by. Assuming that
the FRC equilibrium remaina unchanged during its transit past a diagnostic,
the time-dependent data from each diagnostic can be converted to ●n ●xial
profile, provided v= 1s known. The data from a single ●xternal B-ff.eldprobe
and chord of interferometryhave been combined to estimate the total particle
inventory of the moving FRC.

Translation has Leen modeled theoretically with a 2-D MRD code,12~13
●edified specifically for FRX-C/T conditions. Simulations have been performed
for the S-mtorr, 7-kG vacuum Bz case; however, the effects from the upstream
flux excluder are rot included, ●nd ● slightly diffe~ent iuitial ●xial gas
dlstrlbutiouand $-pinch coil configuration are ●ssumed. The code results are
In qualitative agreement with experimental ~bservations. The FRC acceleration
times are comparable whilf: the predicted Vz values ●re ●bout 2/3 of tha~
obsemred. The calculated evcilutionof r8 and 1 along the FRC trajectory i,s

$ The code also p-edicts thatIn reasonable agreement (20%) with that observe .
●n open field line precursor plasma preceed the FRC. Indeed this plaema is
observed (see Fig. 3 and Ref. 10). More detailed modeling including the
precise experimental condition is planned.

Qualitatively different behavior is observed at higher D2 puff gas
pressures. At 15-mtorr, the rapid axial plasma expansion towards the
downstream end is observed prior to the ●cceleration of the plasma. This
expacqion is not fully understood. Additional e~,eriments to further ●xplore
these higher pressure regimes are planned.

The n-2 instability is observed in the translation region ard the stable
period T appears to ~ relatively Unaffected by ~ranslation. t~ im alSO the
typical t~me when the PRC reaches the downstr am m rror. A multipole magnetic
field is kno~m to stabilize this mode.lt,15,# A dc quadruple system is
currently being prepared for implementationon FRK-C/T. Additional near term
experimental objectives will concentrate on asseseing the particle and energy
confinement times for thes~ plasmae. In particular contributions from
impurity Mne radiation will ‘be the focus- of several
bolometry, WV ●nd grazing incidence spectroscopy, and
continuum maasurmentso

* This work is supporte. by the U. S. Department of Energy.
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